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Incubation periods of acute respiratory viral infections: 
a systematic review
Justin Lessler, Nicholas G Reich, Ron Brookmeyer, Trish M Perl, Kenrad E Nelson, Derek A T Cummings

Knowledge of the incubation period is essential in the investigation and control of infectious disease, but statements 
of incubation period are often poorly referenced, inconsistent, or based on limited data. In a systematic review of the 
literature on nine respiratory viral infections of public-health importance, we identifi ed 436 articles with statements 
of incubation period and 38 with data for pooled analysis. We fi tted a log-normal distribution to pooled data and 
found the median incubation period to be 5·6 days (95% CI 4·8–6·3) for adenovirus, 3·2 days (95% CI 2·8–3·7) for 
human coronavirus, 4·0 days (95% CI 3·6–4·4) for severe acute respiratory syndrome coronavirus, 1·4 days 
(95% CI 1·3–1·5) for infl uenza A, 0·6 days (95% CI 0·5–0·6) for infl uenza B, 12·5 days (95% CI 11·8–13·3) for 
measles, 2·6 days (95% CI 2·1–3·1) for parainfl uenza, 4·4 days (95% CI 3·9–4·9) for respiratory syncytial virus, and 
1·9 days (95% CI 1·4–2·4) for rhinovirus. When using the incubation period, it is important to consider its full 
distribution: the right tail for quarantine policy, the central regions for likely times and sources of infection, and the 
full distribution for models used in pandemic planning. Our estimates combine published data to give the detail 
necessary for these and other applications.

Introduction
Acute respiratory viruses cause substantial morbidity 
and mortality worldwide.1 Lower respiratory-tract 
infections are the leading cause of communicable 
disease death and among the top fi ve contributors to 
disability-adjusted life years.2 Viruses are the primary 
cause of lower respiratory-tract infections in children 
and a substantial cause of such infections in all 
age-groups.3,4

The incubation period of an infectious disease is the 
time between infection and symptom onset.5 This period 
is widely reported because it is useful in infectious 
disease surveillance and control, in which the time of 
symptom onset may be the only indication of the time of 
infection. Severe acute respiratory syndrome (SARS) 
off ers a dramatic example: by rapidly determining the 
maximum incubation period of SARS, public-health 
offi  cials were able to set quarantine periods and halt a 
potential pandemic without the aid of a vaccine or 
treatment.6–9 The incubation period thus plays an 
essential part in surveillance for healthcare-associated 
infections,10,11 and may aid in diagnosis if laboratory 
facilities are unavailable. The incubation period is 
clinically relevant in the administration of antiviral 
medications, many of which are most eff ective when 
given before or immediately after symptom onset.12 
Epidemiological studies depend on the incubation period 
to identify potential sources of infection.13 Predictive 
models designed to inform policy decisions use the 
incubation period to evaluate the potential of surveillance 
programmes and interventions to confront emerging 
epidemics.14,15 The length of the incubation period by 
comparison with the latent period (the time between 
infection and becoming infectious) determines the 
potential eff ectiveness of control measures that target 
symptomatic individuals.16

Statements of the incubation period are often imprecise, 
unsourced, or based on limited evidence—for example, 

“4–5 days” may refer to the most common range, the 
highest and lowest incubation periods in a study, or some 
other interval. Without knowing which summary 
measure is being stated, it is hard to use this information 
to make clinical or infection control decisions. Estimates 
given without attribution or based on few observations 
do not meet the standards of evidence we demand for 
modern medical information.

We reviewed the literature on nine respiratory viruses 
selected for their clinical or public-health importance: 
adenovirus, human coronavirus, SARS-associated corona-
virus, infl uenza, measles, human metapneumo virus, 
parainfl uenza, respiratory syncytial virus (RSV), and 
rhinovirus.17 By systematic review and analysis of 
published estimates and data, we aim to (1) capture the 
consensus in the medical literature on these incubation 
periods, (2) characterise the evidence underlying this 
consensus, and (3) provide improved estimates of 
incubation periods for these infections. Previous reviews 
show the importance of the incubation period to the 
epidemiology of both infectious and non-infectious 
disease.18–20 However, we know of no other attempt to 
combine published data and use a common method for 
estimating and reporting the incubation period for a 
broad range of respiratory virus infections.

Methods
Search strategy and selection criteria
For each virus, we searched PubMed, Google Scholar, 
and ISI Web of Knowledge 4.0 with no restrictions on 
language, although non-English documents were 
excluded on abstract review. Searches were done between 
May, 2007, and January, 2008, with no restriction on the 
earliest date of the articles returned. On PubMed, we 
searched for the terms “incubation”, “period”, and the 
virus name; on Google Scholar we searched for the 
phrases “incubation period of [virus name]” and 
“incubation period for [virus name]”; and on ISI Web of 
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Knowledge, we searched for “incubation period” and the 
virus name. Each search was done with common 
variations of the virus name, specifi cally: “adenovirus”, 
“coronavirus”, “human coronavirus”, “HCoV”, “severe 
acute respiratory syndrome”, “SARS”, “infl uenza”, 
“measles”, “human metapneumovirus”, “hMPV”, 
“parainfl uenza”, “HPIV”, “respiratory syncytial virus”, 
“RSV”, and “rhinovirus”. We also reviewed four widely 
used infectious disease references,3,12,21,22 as well as several 
library catalogues and the Cochrane Library. 

Non-English documents and dead links returned by 
Google Scholar were excluded from abstract review. 
Abstracts were reviewed by a single reviewer, and excluded 
from full-text review if they were defi nitively about a 
diff erent disease, a non-human study, or a non-
respiratory manifestation of the disease. Otherwise, all 
other articles returned by the searches were included in 
full-text review.

Assessment
Documents in the full-text review were classifi ed as 
containing: (1) an incubation period estimate based on 
original data or analysis, (2) a sourced statement of the 
incubation period (ie, citation given), (3) an unsourced 
statement of the incubation period (ie, no citation given), 
and/or (4) no statement of the incubation period. Relevant 
citations were similarly reviewed. Documents were 
further classifi ed based on whether they contained 
individual-level data appropriate for analysis. Each paper 
potentially containing original data was examined 
independently by two reviewers for fi gures, tables, or text 
describing individual-level incubation period data. 
Discrepancies between reviewers were resolved by 
discussion and consensus.

Data abstraction
Variance or SDs are rarely reported for incubation 
periods, which makes standard meta-analytic techniques 
ineff ective. To confront this issue, we separately 
summarised the statements in the literature and 
reanalysed published individual-level data (via a pooled 
analysis). The pooled analysis allows standard treatment 
of censored observations (ie, those cases when the 
incubation period is not exactly observed) across studies.

We classifi ed all statements of the incubation period 
(categories 1–3) into two types: statements of the interval 
of the incubation period (including maxima and minima), 
and statements of central tendency (ie, median, mode, or 
mean). Observations in tables, fi gures, or text that gave 
an exact incubation period, a range of possible times for 
exposure and symptom onset, or a range of potential 
incubation periods were included. If the incubation 
period was not measured exactly, data were represented 
as single interval-censored observations covering the 
range of possible incubation periods. For example, if an 
individual was infected between 0600 h on March 12 and 
0600 h on March 14, and then developed symptoms 
between 0600 h on March 16 and 0600 h on March 17, we 
represent this as an interval-censored observation of an 
incubation period of between 2 and 5 days. We report the 
range of incubation periods such that an incubation 
period within that range would be consistent with the 
predictions of most investigators (ie, consistent with over 
50% of published estimates), and the modal statement of 
central tendency.

Pooled analysis
In his classic paper, Sartwell19 showed that for most 
acute infectious diseases the log-incubation periods 
follow a normal distribution; hence the incubation 
period follows a log-normal distribution specifi ed by the 
median incubation period and a dispersion factor.19,23 In 
a normal distribution, approximately two-thirds of the 
data fall within one SD of the mean; similarly, in a log-
normal distribution, approximately two-thirds of cases 
develop symptoms between median/dispersion and 
median×dispersion.

For each disease, all observations were pooled together 
as a single set of singly interval-censored observations, 
and maximum-likelihood estimates for the median and 
dispersion were found by use of standard techniques. 
Estimates of the 5th, 25th, 75th, and 95th percentiles were 
calculated, and CIs were obtained by use of the delta 
method.24 For one virus (human coronavirus), standard 
methods for maximum likelihood estimation did not 
converge, and an estimate obtained by use of Bayesian 
methods is reported. To account for the potential eff ect of 
diff erences between studies, hierarchical models allowing 
for study-specifi c medians were fi t to the data. In most 
cases, these models produced estimates nearly identical to 
the pooled estimates (results not shown). Technical details 
are available in the webappendix. All analysis was done 

1154 documents identified
980 from search results
174 from follow-up

830 abstracts reviewed

556 articles retrieved 
and reviewed

426 articles had incubation 
period estimate, including 
31 with individual-level data

130 articles had no incubation
period estimate, including
7 with individual-level data

325 duplicates, dead links, 
and non-English articles 
rejected

274 abstracts did not meet 
inclusion criteria

Figure 1: Systematic review process

See Online for webappendix 



www.thelancet.com/infection   Vol 9   May 2009 293

Review

using the R statistical package (version 2·6). Specifi c 
estimates found in this review, all data used in pooled 
analyses, and a full bibliography (including excluded 
abstracts and study classifi cation) are available from the 
authors on request.

Results
We identifi ed 426 documents with one or more statements 
of incubation period (fi gure 1). Of the 441 estimates that 
appeared in these documents, 77 (17%) estimates were 
original, 168 (38%) gave a source, and 197 (45%) gave no 
source (table 1). 38 articles contained data appropriate for 
analysis (table 2). 24 (63%) were observational studies 
and 14 (37%) were experimental studies. Table 1 
summarises the incubation periods stated in the literature 
and the underlying data. Estimates for the incubation 
period of SARS-associated coronavirus and infl uenza 
have the most support (more than ten studies). Relatively 
large experimental studies of parainfl uenza and 
rhinovirus have been done, but few observational or 
experimental studies (six or fewer) were available for 
other diseases.

Our estimates of the full distribution of each incubation 
period using pooled data are shown in fi gure 2 and 
table 3. Visual comparison of the log-normal fi tted curves 
with non-parametric estimates shows high agreement 
(fi gure 2). We estimated times by which 5%, 25%, 50%, 
75%, and 95% of cases would develop symptoms (table 1). 
If fewer than 20 observations were available, we did not 
estimate the 5th or 95th percentiles. No estimate was 
made for human metapneumovirus due to insuffi  cient 
data (n=2). Median incubation periods ranged from a 
half-day (for infl uenza B) to 12 days (for measles). 

Dispersions ranged from 1·15 to 1·81, with all but 
SARS-associated coronavirus and rhinovirus being 
1·51 or less, which suggest that, for most respiratory 
viruses, at least 90% of cases will develop symptoms 
between half and twice the median incubation period 
(because e1·67×log(1·51)≈2).

Adenovirus
Adenoviruses circulate widely, and most adults show 
evidence of past exposure.4 Clinical manifestations vary 
between the 51 serotypes,63 but commonly include cold 
symptoms, pharyngitis, tonsilitis, otitis media, and 
pharyngoconjunctival fever. Less common sequelae are 
severe pneumonia, conjunctivitis, cystitis, encephalitis, 
and meningitis.12

15 papers stated the incubation period of respiratory 
disease due to adenovirus. Of 13 articles without original 
data, none cited an original source. Two original studies 
were found: an experimental study of adenovirus 
infection in 1947 reported the incubation period to be 
5–6 days,25 and an observational study of secondary 
infections in families found the mean incubation period 
to be 10 days.64 Statements varied from a few days to over 
a week, but most were consistent with an incubation 
period of 4–8 days (table 1).

Based on 14 observations from a single experimental 
study,25 we estimate the median incubation period of 
respiratory illness due to adenovirus to be 5·6 days (95% 
CI 4·8–6·3), with a dispersion of 1·26 (95% CI 1·13–1·38). 
25% of cases will develop symptoms by 4·8 days (95% CI 
4·0–5·5), and 75% by 6·5 days (95% CI 5·6–7·4) after 
infection. Because of limited data, the 5th and 95th 
percentiles were not estimated.

Literature estimates* 
(days)

Number of estimates (%) Participants in 
experimental† 
studies (n)

Range Central 
tendency

Unsourced 
estimates

Sourced 
estimates

Original estimates 
[experimental/observational]

Adenovirus 4–8 6 11 (73%) 2 (13%) 2 (13%) [1/1] 14

Coronavirus 

Human (non-SARS) 2–5 3 2 (25%) 4 (50%) 2 (25%) [2/0] 37

SARS-associated 2–10 5 65 (37%) 81 (46%) 30 (17%) [0/30‡] ··

Infl uenza 1–4 2 54 (50%) 37 (35%) 16 (15%) [5/11] 133

Human metapneumovirus ·· ·· 4 (44%) 3 (33%) 2 (22%) [0/2] ··

Measles 8–14 10 32 (62%) 16 (31%) 5 (10%) [0/5] ··

Parainfl uenza 2–6 4 6 (35%) 5 (29%) 6 (35%) [4/2] 97

Respiratory syncytial virus 3–7 5 20 (48%) 16 (38%) 6 (14%) [1§/5] 17

Rhinovirus 2–4 2 4 (25%) 4 (25%) 8 (50%) [8¶/0] 168

Total ·· ·· 197 (45%) 168 (38%) 77 (17%) [21/56] 466

*Literature estimates show the range of incubation periods consistent with most published estimates and the most frequently stated central tendency (eg, median, mean) 
for the incubation period; estimates that did not specify a type (eg, “the incubation period is 5 days”) were assumed to be statements of central tendency. †Observational 
studies did not always report a defi ned number of participants, so a subject count is only reported for experimental studies. ‡Original estimates for severe acute respiratory 
syndrome (SARS) are based on the same data. §A second experimental study with no observations beyond 5 days is not included. ¶Many rhinovirus studies report time to 
maximum symptom score rather than time to any symptom.

Table 1: Summary of incubation period estimates in published literature 

For the R statistical package see 
http://www.r-project.org
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Coronaviruses
An estimated 10–30% of colds are caused by 
coronaviruses.4 Coronaviruses usually cause a mild 
upper respiratory-tract infection, and have been 
associated with otitis media, asthma exacerbation, and 
pneumonia.4 In late 2002, a novel virus, SARS-associated 
coronavirus, emerged in Asia, causing over 8000 cases 

worldwide. SARS-associated coronavirus diff ers clinically 
from other coronaviruses, causing a biphasic illness. In 
the fi rst phase, myalgia, cough, dyspnoea, fever with 
diarrhoea and other gastrointestinal symptoms are 
common. In the second phase, patients develop 
respiratory distress syndrome, sometimes requiring 
ventilation and intensive care.12

Location Study type N Population Infection 
mechanism

Comments

Adenovirus

Commission on Acute Respiratory 
Disease (1947)25

USA Experimental 14 Adult male volunteers Nasal spray ··

Human coronavirus

Bradburne et al (1967)26 UK Experimental 13 Adult male and female volunteers Nasal drops ··

SARS-associated coronavirus

Chan et al (2004)27 Hong Kong Observational 6 Children and adults Natural Outbreak in an extended family

Chow et al (2004)28 Singapore Observational 15 Patients, visitors, and health-care 
workers

Natural Hospital outbreak

Dwosh et al (2003)6 Canada Observational 14 Men and women aged 24–80 years Natural Hospital outbreak

Farewell et al (2005)29 Hong Kong Observational 67 Male and female Natural ··

Olsen et al (2003)30 Airplane Observational 23 Male and female Natural Outbreak due to transmission on aircraft

Poutanen et al (2003)31 Canada Observational 6 Men and women aged 24–78 years Natural 6 of the fi rst 10 cases of SARS detected in Canada

Tsang et al (2003)32 Hong Kong Observational 1 49-year-old man Natural Hospital outbreak

Tang et al (2003)33 Hong Kong Observational 9 Men and women aged 35–72 years Natural ··

Wong et al (2004)34 Hong Kong Observational 16 Male and female medical students Natural ··

Human metapneumovirus

Ebihara et al (2004)35 Japan Observational 1 8-month-old boy Natural ··

Peiris et al (2003)36 Hong Kong Observational 1 Child Natural ··

Infl uenza A

Alford et al (1966)37 USA Experimental 1 Adult man (estimated age 21–40 years) Inhalation A2/Bethesda strain

Burnet and Foley (1940)38 Australia Experimental 3 Men and women aged 19–41 years Nasal spray Reid API strain

Couch et al (1971)39 USA Experimental 7 Men aged 21–40 years Nasal drops A2/Hong Kong strain

Henle et al (1943)40 USA Experimental 11 Boys aged 6–14 years Inhalation A/F-99 strain

Henle et al (1945)41 USA Experimental 61 Institutionalised boys Nasal drops A/PR-8, A/F-99, A/F-12 strains, 24 infl uenza B in 
the same study

Moser et al (1977)42 Aeroplane Observational 37 Passengers and crew on an airplane Natural A/H3N2 strain

Smorodintseff  et al (1937)43 USSR Experimental 2 Male and female Inhalation Leningrad or WS strain

Infl uenza B

Francis et al (1944)44 USA Experimental 54 Male Nasal spray B/Lee strain

Henle et al (1945)41 USA Experimental 24 Institutionalised boys Nasal drops B/Lee strain, 61 infl uenza A in the same study

Infl uenza (unknown type)

Armstrong and Hopkins (1921)45 USA Observational 27 Men and women aged 19–84 years Natural Community-based outbreak in 1920

MacDonald and Lyth (1918)46 UK Observational 2 Male Natural Exposure on a train

Measles

Goodall (1925)47 UK Observational 4 Children (male and female) Natural Hospital-based infection

Goodall (1931)48 UK Observational 25 ·· Natural ··

Panum (1940)49 Faroe Islands Observational 10 Adult men Natural Ship-based infection in 1847

Perucha et al (2006)50 Spain Observational 3 Aged 9 months to 32 years Natural ··

Pickles (1939)51 UK Observational 2 Male Natural ··

Stillerman and Thalhimer (1944)52 USA Observational 6 Aged 11–12 years Natural ··

Zingher and Mortimer (2005)53 USA Observational 5 Aged 1–5 years Natural Controls in a 1926 study on use of convalescent 
serum as prophylaxis

Simpson (1948)54 UK Observational 1 4-year-old girl Natural ··

(Continues on next page)
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Human coronaviruses other than SARS
Of nine papers providing an incubation period for human 
coronavirus, two were based on original data and four were 
sourced. All sourced estimates cited a 1967 experimental 
study, which found the incubation period to range from 
2 days to 4 days, with a mean of 3·3 days.26 An experimental 
study by Tyrell and colleagues65 found similar results. Most 
published estimates for human coronavirus are consistent 
with an incubation period of 2–5 days (table 1).

Based on 13 observations from one experimental 
study,26 we estimate the median incubation period of 
human coronavirus to be 3·2 days (95% CI 2·8–3·7), and 
the dispersion to be 1·15 (95% CI 1·07–1·34). 25% of 
cases will develop symptoms by 2·9 days (95% CI 
2·5–3·3), and 75% by 3·5 days (95% CI 3·1–4·2) after 
infection. There were insuffi  cient data to confi dently 
estimate the 5th or 95th percentiles.

SARS-associated coronavirus
We found many studies on the incubation of SARS-
associated coronavirus, including a comprehensive 
review,66 sophisticated statistical analyses,23,67,68 and 
attempts to synthesise available data.7 However, reporting 
of these results has not been previously standardised. 

We found 168 sources with estimates for the incubation 
period of SARS-associated coronavirus. Public concern 
and the importance of quarantine for controlling SARS-
associated coronavirus contribute to frequent statements 
of the incubation period.8,9,69 Most (n=81) of the published 
estimates were sourced, with 65 unsourced, and 
30 original estimates. The most cited sources are Donnelly 
and colleagues’67 early analysis of the Hong Kong outbreak, 
and the consensus estimate published by WHO.7 Most 
estimates for SARS-associated coronavirus are consistent 
with an incubation period of 2–10 days (table 1).

Based on 157 observations from nine observational 
studies,6,27–34 we estimate the median incubation period 

of SARS-associated coronavirus to be 4·0 days 
(95% CI 3·6–4·4), and the dispersion to be 1·81 
(95% CI 1·67–1·95). 5% of SARS-associated corona-
virus cases will develop symptoms by 1·5 days 
(95% CI 1·2–1·7), and 95% by 10·6 days (95% CI 
8·9–12·2) after infection.

Infl uenza
Infl uenza causes 250 000 to 500 000 deaths worldwide 
each year.70 Illness often has an abrupt onset and ranges 
from asymptomatic infection to primary viral pneumonia 
that progresses to death.3 Symptoms include fever, chills, 
cough, headache, diff use myalgia, and upper respiratory-
tract infection. Gastrointestinal symptoms are common 
in children.3

We identifi ed 107 documents that stated an incubation 
period for infl uenza. 54 provided no source and 16 were 
based on original data. The earliest data comes from 
1891,71 and the most recent from 2006.72 Most sourced 
estimates derive from a 1979 observational study by 
Moser and colleagues,42 in which 37 airline passengers 
developed infl uenza after exposure to a single case. All 
became symptomatic 12–84 h after exposure (median 
38 h). In a highly cited 1998 paper, Cox and Fukuda73 
summarised these results, codifying the estimate as 
1–4 days, with which most estimates for infl uenza 
are consistent (table 1). Many original studies of 
infl uenza’s incubation period remain uncited. Several 
pre-1918 reports, a series of papers on the 1918 
pandemic, and a fl urry of experimental studies 
published in the 1930s and 1940s after discovery of the 
virus remain underused. 

We extracted 85 observations of the incubation period 
of infl uenza A from six experimental studies,37–41,43 
78 observations of the incubation period of infl uenza B 
from two experimental studies,41,44 and 66 observations of 
the incubation period of infl uenza A or an unknown 

Location Study type N Population Infection 
mechanism

Comments

(Continued from previous page)

Parainfl uenza virus

Kapikian et al (1961)55 USA Experimental 9 Male inmates aged 21–56 years Throat swab, nasal 
spray, nasal drops

Type 3 virus

Tyrrell et al (1959)56 UK Experimental 2 Aged 18–45 years Nasal drops Type 3K virus

Respiratory syncytial virus

Johnson et al (1961)57 USA Experimental 17 Male inmates aged 21–35 years Nasal/throat spray, 
nasal drops

··

Kapikian et al (1961)58 USA Observational 1 Aged  6–50 months Natural ··

Sterner et al (1966)59 Sweden Observational 6 Aged 1–13 months Natural ··

Rhinovirus

Avila et al (2000)60 USA Experimental 16 Men and women aged 18–48 years, 
healthy and with allergies

Nasal challenge RV-16

Douglas et al (1967)61 USA Experimental 12 Adult male inmates Inhalation, 
nasal drops

··

Table 2: Studies included in pooled analysis
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strain from three observational studies.42,45,46 Unknown 
strains were presumed to be infl uenza A due to their 
occurrence during infl uenza A pandemics.

We estimate the median incubation period of 
infl uenza A to be 1·4 days (95% CI 1·3–1·5), and the 
dispersion to be 1·51 (95% CI 1·43–1·60). 5% of 
infl uenza A cases will develop symptoms by 0·7 days 
(95% CI 0·6–0·8), and 95% by 2·8 days (95% CI 2·5–3·2) 
after infection. Incubation period estimates for 
infl uenza A were sensitive to a single study with 
substantially diff erent fi ndings from other studies.41 
Excluding this study resulted in a median incubation 
period of infl uenza A of 1·9 days (95% CI 1·8–2·0), with 
dispersion of 1·22 (95% CI 1·17–1·29).

We estimate the median incubation period of 
infl uenza B to be 0·6 days (95% CI 0·5–0·6), and the 
dispersion to be 1·51 (95% CI 1·37–1·64). 5% of 
infl uenza B cases will develop symptoms by 0·3 days 
(95% CI 0·2–0·3), and 95% by 1·1 days (95% CI 0·9–1·3) 
after infection. Both studies of infl uenza B defi ne 
symptom onset as the fi rst instance of fever, potentially 
shortening the incubation period estimate compared 
with that seen in clinical practice.

Measles
Globally, measles causes an estimated 500 000 deaths 
each year in children aged under 5 years.74 The fi rst 
symptoms include fever, malaise, cough, conjunctivitis, 
coryza, and Koplik’s spots.12 These symptoms are 
followed by an erythematous maculopapular rash. 
Complications include otitis media, pneumonia, 
convulsions, and encephalitis.

Of 52 documents with statements of the measles 
incubation period, 31 were unsourced, 16 provided a 
source, and fi ve were based on observational data. The 
distinctive clinical presentation of measles allowed 
observations of the incubation period as early as 1847.49 
Most estimates for measles are consistent with an 
incubation period of 8–14 days (table 1). Some of the 
variability in estimates stems from the use of two 
clinical defi nitions of symptom onset: the appearance 
of rash and the fi rst symptoms of illness. We have 
excluded those studies that reported just the time to 
rash, as our interest was the time until fi rst symptoms. 
However, not all the reports stated the specifi c 
symptom used by the authors to mark the end of the 
incubation period.
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Figure 2: Parametric and non-parametric estimates of the incubation period 
Cumulative percentage of cases developing symptoms by a given day under the estimates for the log-normal distribution (continuous line) are shown, compared with the non-parametric estimates 
calculated by the method of Turnbull62 (rectangles). Rectangular regions represent estimates with equivalent support (ie, not statistically distinguishable). RSV=respiratory syncytial virus. SARS=severe 
acute respiratory syndrome.
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Based on 55 observations from eight observational 
studies,47–54 we estimate the median incubation period 
of measles to be 12·5 days (95% CI 11·8–13·2), and 
the dispersion to be 1·23 (95% CI 1·18–1·28). 5% of 
measles cases will develop symptoms before 8·9 days 
(95% CI 8·1–9·8), and 95% by 17·7 days (95% CI 
16·1–19·2) after infection.

Metapneumovirus
Human metapneumovirus, fi rst described in 2001, 
contributes to morbidity and hospital admission in all 
age-groups.12 Clinically, human metapneumovirus causes 
illness ranging from upper respiratory-tract symptoms to 
bronchiolitis and pneumonia requiring ventilation.12 
Clinical examination of the lungs is abnormal in a quarter 
to a third of adults. Febrile seizures are reported in up to 
16% of children.75

Little is known about the incubation period of human 
metapneumovirus. We found only two reported 
observations of serial transmissions suggesting 
incubation periods of 5–6 days36 and 4–6 days.35 The 
incubation period of human metapneumovirus may be 
similar to that of RSV due to similarities between 
these viruses.22

Parainfl uenza
Parainfl uenza viruses cause upper respiratory-tract 
infection, pneumonia, and bronchiolitis, and are a major 
cause of croup.12 Initial symptoms include coryza, sore 
throat, hoarseness, and dry cough.4 Four antigenically 
distinct serotypes exist, each with characteristic seasonal 
and age-specifi c pattern of infection. Most children are 
infected by multiple serotypes by age 5 years.76

We found 14 documents with statements of the 
incubation period for parainfl uenza that provided six 
original estimates, four sourced estimates, and six 
unsourced estimates. Four experimental and two 

observational studies include one exceptional observation 
(not included in the pooled analysis) of respiratory illness 
with virological evidence of parainfl uenza infection, with 
an incubation period of 10–29 weeks.77 These cases 
occurred during a period of winter isolation of Antarctic 
researchers, and may indicate sustained asymptomatic 
transmission or the ability of the virus to viably persist in 
exceptionally cold conditions. Most estimates for 
parainfl uenza are consistent with an incubation period 
of 2–6 days (table 1).

Based on 11 observations from two experimental 
studies,55,56 we estimate the median incubation period for 
parainfl uenza to be 2·6 days (95% CI 2·1–3·1), with a 
dispersion of 1·35 (95% CI 1·16–1·55). 25% of cases 
develop symptoms by 2·1 days (95% CI 1·6–2·6), and 
75% by 3·2 days (95% CI 2·5–3·8) after infection. There 
were insuffi  cient data to confi dently estimate the 5th or 
95th percentiles.

Respiratory syncytial virus
RSV is an important cause of morbidity among children 
and mortality among elderly and immunocompromised 
people. Prospective studies have found that 40% of all 
lower respiratory-tract infections in the fi rst year of life 
involve RSV.22 RSV usually causes a upper respiratory-
tract infection and is then cleared, but in 25–40% of 
cases, infection progresses to the lower respiratory tract, 
often manifesting as pneumonia or bronchiolitis.3

In 40 documents with statements of the incubation 
period of RSV, 20 (48%) estimates were unsourced, 
16 (38%) were sourced, and six (14%) were based on 
original data. Two estimates based on original data refer 
to the same experimental study.57,78 This study and three 
observational studies make up the data supporting most 
statements of the incubation period.58,59,79 Most estimates 
for RSV are consistent with an incubation period of 
3–7 days (table 1).

Estimate (95% CI) of time of symptom onset (days)* Dispersion (95% CI)

5th percentile 25th percentile 50th percentile 
(median)

75th percentile 95th percentile

Adenovirus ·· 4·8 (4·0–5·5) 5·6 (4·8–6·3) 6·5 (5·6–7·4) ·· 1·26 (1·13–1·38)

Human coronavirus† ·· 2·9 (2·5–3·3) 3·2 (2·8–3·7) 3·5 (3·1–4·2) ·· 1·15 (1·07–1·34)

SARS-associated coronavirus 1·5 (1·2–1·7) 2·7 (2·3–3·0) 4·0 (3·6–4·4) 5·9 (5·3–6·6) 10·6 (8·9–12·2) 1·81 (1·67–1·95)

Infl uenza A‡ 0·7 (0·6–0·8) 1·1 (1·0–1·2) 1·4 (1·3–1·5) 1·9 (1·7–2·1) 2·8 (2·5–3·2) 1·51 (1·43–1·60)

Infl uenza B 0·3 (0·2–0·3) 0·4 (0·4–0·5) 0·6 (0·5–0·6) 0·7 (0·7–0·8) 1·1 (0·9–1·3) 1·51 (1·37–1·64)

Measles 8·9 (8·1–9·8) 10·9 (10·2–11·6) 12·5 (11·8–13·3) 14·4 (13·5–15·3) 17·7 (16·1–19·2) 1·23 (1·18–1·28)

Parainfl uenza ·· 2·1 (1·6–2·6) 2·6 (2·1–3·1) 3·2 (2·5–3·8) ·· 1·35 (1·16–1·55)

Respiratory syncytial virus 3·1 (2·5–3·8) 3·8 (3·3–4·4) 4·4 (3·9–4·9) 5·1 (4·5–5·7) 6·3 (5·2–7·3) 1·24 (1·13–1·35)

Rhinovirus 0·8 (0·4–1·2) 1·3 (0·9–1·8) 1·9 (1·4–2·4) 2·7 (2–3·4) 4·5 (2·9–6·2) 1·68 (1·36–2·01)

*Based on a log-normal distribution of the incubation period; 5th and 95th percentiles are not presented for viruses with fewer than 20 observations. †Bayesian methods 
were used for the estimation of the human coronavirus incubation period. ‡The estimate for infl uenza A includes one experimental study with substantially diff erent results 
from the rest;41 if this study is excluded, we estimate the 5th, 25th, 50th, 75th and 95th percentiles to be 1·4 (1·2–1·5), 1·7 (1·5–1·8), 1·9 (1·8–2·0), 2·2 (2·1–2·3), and 
2·7 (2·4–2·9), respectively, with dispersion of 1·23 (1·17–1·29).  SARS=severe acute respiratory syndrome. 

Table 3: Percentiles of the time of symptom onset and dispersion for disease distributions
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Based on 17 observations from one experimental study,57 
and seven observations from two observational studies,58,59 
we estimate the median incubation period of RSV to be 
4·4 days (95% CI 3·9–4·9), with a dispersion of 1·24 
(95% CI 1·13–1·35). 5% of cases will develop symptoms 
before 3·1 days (95% CI 2·5–3·8), and 95% by 6·3 days 
(95% CI 5·2–7·3) after infection.

Rhinovirus
Rhinovirus causes an estimated 50% of colds. Symptoms 
include rhinorrhoea, nasal congestion, headache, sore 
throat, and cough.4 Complications include sinusitis, otitis 
media, and exacerbation of asthma or chronic obstructive 
pulmonary disease.3

We found 15 articles on the incubation period of 
rhinovirus. There were twice as many original (eight) as 
sourced (four) or unsourced (four) estimates. Low 
estimates of the incubation period are less than half a 
day.3,80,81 Many experimental studies of rhinovirus 
infection report the time to peak mean symptom score of 
participants as a measure of the incubation period.82,83 
This method may bias estimates of the incubation period 
to be longer, because the time of most severe symptoms 
will usually follow the time of fi rst symptoms. Most 
estimates are consistent with an incubation period of 
2–4 days (table 1).

Based on 28 observations from two experimental 
studies,60,61 we estimate the median incubation period of 
rhinovirus to be 1·9 days (95% CI 1·4–2·4), and the 
dispersion to be 1·68 (95% CI 1·36–2·01). 5% of cases 
will develop symptoms by 0·8 days (95% CI 0·4–1·2), 
and 95% by 4·5 days (95% CI 2·9–6·2) after infection.

Discussion
Of the 82% of incubation period estimates not based on 
original data, most were given without citation. This 
suggests that the incubation period for many diseases 
may be considered common knowledge in the medical 
community. However, our Review found that the evidence 
supporting the reported incubation period was 
minimal for many diseases. For some diseases (eg, 
infl uenza) estimates and data produced using sound 
methods exist, although they are rarely referenced.

Several sources of uncertainty exist in the measuring of 
incubation period. Estimates depend on the time of 
infection, which cannot be observed directly. The time of 
exposure bounds the time of infection, but is rarely 
available. Observational studies may not include all 
infected cases, thus the methods by which cases are 
identifi ed are themselves a potential source of bias. 
Experimental infection and natural experiments (eg, 
aeroplane infections)42 may diff er from normal exposure 
in ways that aff ect the incubation period. Routes of 
administration, changes in infectious dose, or diff ering 
periods of exposure to infectious individuals may modify 
the time to symptom onset. Most experimental studies 
use healthy adult volunteers, yet severe disease is 

concentrated in children and the elderly. Variation 
between studies in the defi nition of symptom onset and 
inclusion criteria may thus aff ect our estimates. Precise 
guidelines on the start of the symptomatic period for 
each disease would remove some of this variation.

Despite potential sources of between-study variation, 
when we checked our pooled analysis against a 
hierarchical model we found nearly identical estimates 
for the median and dispersion of most diseases. For 
those that were shifted (infl uenza A and B), estimates of 
the median, 5th, and 95th percentiles were no more than 
a third of a day longer. This suggests that study eff ects 
may be less than one would assume; however, the small 
number of studies, and their relatively small size, leave 
open the possibility that factors specifi c to the included 
studies may have aff ected our results.

The results presented here are limited by our review’s 
focus on published data. For some diseases (adenovirus, 
human coronavirus, infl uenza B, parainfl uenza, and 
rhinovirus) estimates are still based on one or two studies 
and fewer than 100 observations. This necessarily leaves 
uncertainty in our results, and perhaps bias if these 
studies were atypical. We found eight instances (excluding 
SARS, for which there is ample evidence) in which a 
study that might contain data on the incubation period 
was done but the information necessary to estimate the 
incubation period was not published. These studies were 
mostly done over 30 years ago, and we felt it unlikely that 
the original data could be easily obtained. A motivated 
researcher who could obtain this or other unpublished 
data would add much to our results. More data is clearly 
needed if we are to understand how factors such as virus 
morphology, host status, climate, and infectious dose 
infl uence the incubation period.

We have combined published empirical data to 
provide estimates of the incubation period for nine 
important respiratory viruses. Previously published 
estimates generally only provide estimates of the centre 
of the incubation period distribution. However, the 
aspect of the distribution that is of interest varies by 
application: the right tail (eg, 95th percentile) is 
important in bounding the time of symptom onset for 
quarantine, the central region (eg, 25th to 75th 
percentiles) helps to identify the most likely time and 
source of infection, and the full distribution informs 
models for use in pandemic planning. Our 
comprehensive systematic review pools published data 
to characterise the entire incubation period distribution 
including the left and right tails, which makes the 
incubation period more useful in research, clinical 
practice, and public-health policy.
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